Although clinical magnesium deficiency is now recognized frequently in chronic alcoholics, its cause or causes are not clear. A poor dietary intake is undoubtedly important, but it is unlikely that magnesium deficiency results from dietary depletion alone, since it has been quite difficult to produce experimental dietary magnesium deficiency in man (2). Earlier workers have shown that the kidneys are reasonably efficient in conserving magnesium (2, 3). Thus, it is likely that some additional mechanism may be responsible for magnesium deficiency associated with chronic alcoholism. Recent studies have indicated that ethanol may induce increased urinary excretion of magnesium (4, 5). The purpose of the present study was to determine the effect of an acute ethanol load on urinary excretion of magnesium and other electrolytes, and to make preliminary observations on the mechanism responsible for an observed increase in urinary excretion of magnesium.
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METHODS
Fifteen studies were performed on nine normal and four alcoholic subj ects. Two of the alcoholic subj ects had significant hypomagnesemia at the time of study, while the other two had been repleted before study. One alcoholic subject was restudied several weeks later when he was readmitted to the hospital with acute alcoholic intoxication. All subjects were on a normal hospital diet and were fasted overnight before the experiments, which began at 8:00 a.m. Water-loading was achieved with 20 ml of water per kg of body weight and was maintained for the duration of the stu(ly by replacing the fluid vol-* Presented in part before the Central Society for Clinical Research and previously published in abstract form (1) (7) , and PAH by that of Smith and associates (8) . Lactate was measured by the Marcus modification of Barker's and Summerson's procedure (9) , and the method of Beutler and Yeh (10) was used for citrate. Total organic acids were determined by a modification of the method of Palmer (11) . The methods for calculating correlation coefficient and probability are described by Snedecor (12) .
RESULTS
The results of all studies are stlmmarize(l in On the other hand, urine potassium excretion showed a definite decrease after ethanol administration in all patients except one ( Figure 1) .
A mean decrease of 44%b was observed (p < 0.01). These results confirm the reports of others (13, 14) .
No statistically significant changes were observed in the excretion of other electrolytes, in contrast to previous studies showing decreases in urinary sodium and chloride excretion (13, 14) . Urinary pH (Table, I ) and blood electrolytes (Table II) were also unaltered. ( We have no satisfactory explanation for the lower plasma potassium concentrations found both before and after ethanol infusion in the ethanol-loaded subjects.) Inulin and PAH clearances (Table II) likewise remained relatively constant so that the changes in magnesium, calcium, and potassium after eth- anol administration cannot be attributed to changes in glomerular filtration or renal blood flow.
Urinary and blood lactate and citrate and urinary total organic acids were measured in four studies (Table I ). The changes were small, amounting to an 37%o increase in total organic acids after ethanol.
Changes in magnesium, calcium, and potassium excretion were invariably observed within 20 minutes after the administration of ethanol. The maximal effect, however, was generally seen at 60 to 80 minutes, and some effect persisted for 100 to 140 minutes. The results of a typical study are shown in Figure 2 .
All subjects received 30 ml of 100%7o ethanol except one (Table I , Subject 11), who was given 60 ml. In this study, increasing the dosage of ethanol did not result in a greater rise in urinary magnesium excretion.
Although PAH saturation alone has been shown to cause an increased urinary magnesium excretion (15), this was not a factor in these studies because PAH was given before the control periods with the maintenance infusion held constant during both control and test periods, and plasma PAH concentration did not exceed 0.03 mg per ml. No ethanol was given in three control experiments to examine the effect of diurnal variation (Table I) . No significant changes in urinary magnesium, calcium, or potassium occurred during the relatively short period of these studies. Lactate, citrate, and total organic acids showed no consistent alterations. 
DISCUSSION
The consistent, prompt increases of urinary magnesium and calcium and decrease of urinary potassium after an acute ethanol load were independent of glomerular filtration rate, renal plasma flow, or rate of urine flow. These changes were unrelated to water diuresis or PAH administration, and could not be attributed to diurnal variation ( 16) .
There was no significant difference in the ethanol-induced magnesium diuresis in normal and alcoholic subjects. Previous studies have shown that hypomagnesemic subjects have a markedly positive magnesium balance during the repletion period (3). Ethanol administration apparently interferes with this renal conservation mechanism, however, as increased magnesium excretion after ethanol occurred in two hypomagnesemic subjects.
The mechanism by which ethanol produces these changes is not clear. Barker, Elkinton, and Clark (15) have previously demonstrated that lactate administration results in an increased urinary excretion of magnesium. It has also been shown that the administration of ethanol results in increased levels of blood lactate (13, 17) , introducing the possibility that the increased renal excretion of magnesium after ethanol might be related to an increased lactate production and excretion. The small changes observed in urinary lactate excretion alone in four studies were not sufficient to account for the magnesium diuresis after ethanol. Likewise, only small increases in urinary citrate were observed. The increase in total organic acids was more substantial. The usual metabolic pathway for ethanol includes oxidation to acetaldehyde and conversion to acetyl coenzyme A with complete combustion in the citrate acid cycle (18) . It is possible that certain organic acids accumulating after ethanol ingestion may form magnesium organic acid complexes that are not readily absorbed in the renal tubules. Citrate is more important than lactate in its complexing properties (19) , but the small changes observed in citrate excretion alone could not account for the marked increase in magnesium or calcium excretion.
The possibility that ethanol or one of its intermediate metabolites exerts a direct renal tubular effect on a cation-exchange mechanism must be considered, since increases in total excretion of calcium and magnesium approximated the decrease in potassium excretion. A siniple ion-exchange mechanism for magnesium, however, has not been demonstrated satisfactorily (15 
